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Wildlife roadkill survey & impact mitigation in

National Forest Area
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Abstract

The first year of the two-year project of roadkill survey of the forest
roads was focused on evaluating and identifying the main issues that may
impact the wildlife. We started from a landscape-level approach
concerning all forests in the mountainous area and built a spatial analysis
that predicted areas of high ecological sensitivity (i.e. high risk of animal
mortality) according to species diversity and habitat quality. Four roads of
high ecological sensitivity, including Tunghou, Tahsueshan, Yi-Zhuan
First and Cui-Feng Forest Roads, were then chosen and a year-round
roadkill survey were conducted to investigate the spatial distribution and
potential factors of roadkills along each road. The location, species,
maturity and number of animal mortality were recorded by GPS digital
camera. The topography and land use beside the road was processed using
ArcGIS 10.0 as environmental factors. The major road structure elements
(including different types of fences, walls, and ditches) were recorded
from field survey as road factors. We used both kernel density estimation
and the Getis-Ord Gi* spatial clustering statistic to assess roadkill hot
spots. The year-round survey on four roads recorded a total of 2519
roadkills (87 species), including 51 mammals (2.0%, 13species), 53 birds
(2.1%, 17 species), 590 reptiles (23.4%, 46 species) and 1825 amphibians
(72.4% 11 species), among them 81 were protective species (18 species)
and 51 were snakes (11 species). Roadkill of river-breeding frogs had the
highest number and was highly clustered seasonally and spatially on both
Tahsueshan and Tunghou Forest Roads. Sections of the highest mortality
and species diversity were listed as candidate sites for mitigation
measures. The road and environmental factors were processed and stored
in the form of geo-database for further analysis on the second year.

Keywords: Roadkill, Getis-Ord statistic, Forest Road, road engineering, road
ecology
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TP LT TR o Flpt o R F AR BR
it E N R EHEHOE & T3 (Forman & Alexander
1998; Oxley et al. 1974) -

P 5 4%
i J\E‘E”%K

gﬁ&ﬂﬁﬁﬁéﬁ%’ﬂ%%%ﬁﬁﬁﬁﬁfikg
HRARR e L5 o bl BT AR 5 s 3
PER 4F A~ fTA chd BT TIELA T B Y e fg’f

B

E
ﬁv#*f%iﬁli“&?iﬁé%)iﬁ% M FE ‘”K/v\ﬂl?”ﬁml»\#ﬁ%#ﬁlﬁ
BeA% kAR (0)ig B BB B % i (road-effect zone)# 71 &
W\ WEW ARG TP ERFAEER (O BF B

v E ELiE R IR R R T R P fAE TR 8 (Angelsen
& Kaimowitz 1999; Barnes et al. 1995; Canaday 1997; Carr et al.
2002; Develey & Stouffer 2001; Forman et al. 2003; Godefroid &
Koedam 2004; Haskell 2000; Huijser & Bergers 2000; Lin 2009;

Mech et al. 1988; Nislow 2009; Reed et al. 1996; Theobald et al.
1997; Willard & Warr 1971) -

22 FRR™ R HEFPFFHFH
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—_—

3

&

-

o
=

i

-

ﬂﬁﬁﬁ%ﬁﬁ#ﬁ%’%ﬁ{ﬁmﬁﬁﬁﬁﬁgﬁﬁﬁm@

FRINBFAT L SRS > 7 M RI LT X 2RAL - T
CERKRALERPA ARSI BT — A e
REFRR AT R 64042211 ¥ U BHEFEF R
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%2211 RRAHEBFF R TR D
¥ ENPRER oY
Beaudry et al. 2010 |ldentifying hot moments in road-mortality risk for freshwater turtle.

Clarke et al. 1998 |Effects of roads on badger Meles meles populations in south-west England.

Develey et al, 2001 Effects of roads.on movgments by understory birds in mixed-species flocks in
central Amazonian Brazil.

Fahrig et al. 1995 |Effect of Road Traffic on Amphibian Density.

Forman et al. 1998 |Roads and their major ecological effects.

Guvot et al 1997 Conservation Measures for A Population of Hermann's Tortoise Testudo

y ' hermanni in Southern France Bisected by A Major Highway.

Harris et al. 1991 From |mp_I|cat|on_s to appllca}tlong: the dispersal corridor principle applied to the
conservation of biological diversity.

Hels et al. 2001 |The effect of road kills on amphibian populations.

Huijser et al. 2000 |The effect of roads and traffic on hedgehog (Erinaceus europaeus) populations.

. Factors influencing the road mortality of snakes on the Upper Snake River Plain,
Jochimsen 2005

Idaho.

Johnson et al.

2004

Landscape effects on black-tailed prairie dog colonies.

Kociolek et al.

2009

Effects of Paved Roads on Birds: A Literature Review and Recommendations for
the Yellowstone to Yukon Ecoregion.

MacKinnon et al.

2005

Why did the reptile cross the road? Landscape factors associated with road
mortality of snakes and turtles in the south eastren Georgian Bay area.

Meek

2012

Patterns of amphibian road-kills in the VVendée region of Western France.

Nellemann et al.

2001

Winter distribution of wild reindeer in relation to power lines, roads and resorts.

Road infrastructure and stream habitat connectivity: Research to aid management

Nislow 2009 . . . .
and conservation plans in a changing environment.

Oxley et al. 1974 |The effects of roads on populations of small mammals.

Roe et al. 2006 Beyond the wetland border: Estimating the impact of roads for two species of
water snakes.

Saeki et al. 2004 The effects of trafflc'on the raccoon dog (Nyctereutes procyonoides viverrinus)
and other mammals in Japan.

Sillero 2008 Amphibian mortality levels on Spanish country raods: descriptive and spatial

analysis.

Smith-Patten et al.

2008

Diversity, seasonality, and context of mammalian roadkills in the southern great
plains.

Smith et al.

2005

Roads and Florida’s herpetofauna: a review and mitigation case study. In:
Amphibians and reptiles : status and conservation in Florida.

Sousa et al.

2009

How do major roads affect barn owls? Distribution, space use, food source and
mortality.
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Sef SU 5T % O
P L RRARMDLEF TR — BT A
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(2)

WESRHOFRR AT Ay B F gk 02
MR REAME T RDNBIUET N RSB EERF D
2w FEfg(Clarke et al. 1998) - Saeki & Macdonald (2004) |- %t p
AR (RE B R HE )R 0 2 laﬁ%p
ﬁpﬂf&aﬁé LR R T 3 TR AR 2 R eD T R
m&(ﬁﬁﬁf\gﬁﬂﬁﬁk”ﬁﬂ>g)«mrﬁpdb_&%g
ﬂ@?ﬂW%ﬁ’ FEREFRABRLES FEERRT
MEpmMi 2B fmd Ve Th 3ERFY
ﬁﬁ’éiir ok RMEI8ME SR Tk M F]F ¢ 2
PR w5 FE Rt E2HMAY 2% (Smith-Patten & Patten

.A

é

B R L S RN F AT FIZRES RS SE AR
NRALFELRFEIR X P RR AR £ LR
CEATFERE LM fon i B ERE EHFREBA
b A TRE(R M) B R EERA T EF L 0 B

(Fahrig et al. 1995) - + & 3 L FL § e 8- HFR > F+6
M5 AT BE S0 0 AR D G R e R 5 S e
g ¥ EEFE 10%02 F (Hels & Buchwald 2001) -

BTG A CCAMALTERT  bAcd LY g
(Salamanca) -2 ¥+ W § 1,380 2 & ST B b e R AT B K

7o R esrldfa s (108 E B P 24T B P ) 3t 8 152
PR EEE 2 B ArpM SR FERE B AP BT
%t 3% (Sillero 2008) - i B E—:‘%FSBI RICEECER RIS U = S L =
R AT A B E RS ’%flﬁ,iﬁﬁﬁizﬁii}%?éfv—kg&/;i;ﬁ
%%/%w%’;ﬁié B 4otk ~ BB A H - (v
%%%%ﬁﬁﬁ% 4%* BEMME A AR
UM BRI RART ARG FFAPM I LB Ed ) p

BRI B FARR (Meek2012)
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(4)

oo EOEEAE T T AEF € * iLF 2 %ig (Guyot & Clobert 1997)

FREFZRVFTERRSCRGEFIFAY 20 5 0%
Z R oR BB VR E B R 5 AR R R
KM B R RS S T Y TR R R A B
2 B AR 3 R LR A B iR g XA R RS
BE 24 % 5 1 (Roeetal. 2006) A
J (Upper Snake River Plain)» B 5 # 7 W # 7 #1832
G@EWWMwﬁ’ﬁ ?W’ﬁ4%W1£é$%’fuﬁﬁ
5(64%) BAEABER - FEHUE BLF RTEERT R
f-‘v Pl sg B2 358 4 45 55 4p M (2 (Jochimsen 2005) - ¥ ¢t » % &)
% B 7 & (Blanding' s turtle Emydoidea blandingii » * %= & %
$)s ARXFRR> AP — Fd FEEFY LR AR
MERR&AGCERFEFE RN FF S DBPRRTR G
o LERUFELTENRTHR(GArd §REET R
3% > Beaudry & Demaynadier 2010) -

*%Céziﬁﬁ » O B RET2E
5 RSP R AE N F SR

R&E R %%ﬂ’vﬁﬁﬂ“ﬁg

FRERROFS o @ 35 RFITAEY - FR 25 R
r ‘%ﬁ‘i,%%ﬁﬁéﬁt‘—&i’u-m 45)*—*» » TR TGO BB

2

/4

Fal 1’§ (Audubon s Crested Caracara, Caracara cheriway) » E( » % 4F
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(Hawaiian Goose, Branta Sandvicensis) ¥ #- #& (Kociolek &
Clevenger 2009) -

ko A R E L E R B - 4rGomes et al. (2009)
THERFRERPEFT A L2F BRI EETREIDIGHPER
R&AARRF THE ’J‘-rplﬁ R®E ,‘L,ﬂéi’ ERFIEHE Y -
& (Jacobson 2005) ¢ + wAF % i 2 gk 0 e 7B S A (Ao
CH T M)A S 6L g § TR R L S P R R
Fo @ §7F - HEHIVITERR ?W #
o ST BRST i T 5 R JE B npEa € 8 B
ﬁm;oug@§@$£%¢m4@?ﬁﬂiiﬁ@?&ﬁﬁ
FoBFMApPNFE XD 2BE ML F R F(Sousa et al
2009) -

(5) ALE-Y &gy LIRS f

F WE RIS PRI 200 g RIERE S
MR 2R A PIAT - v g 7 A L dg Db e R E
BB 2T REB S BRF A ¢ 7o A s < F)
#?ﬁ‘wﬁT%%w‘wm#&ﬁﬁi’gﬂm%ﬂiﬁﬁ%
WA~ 32 R HEEHE RS o (Develey & Stouffer 2001; Johnson
& Collinge 2004; Nellemann et al. 2001; Oxley et al. 1974; Smith et
al. 2005) o % o2 o B EARE IR RIF R Y
Jkﬁ§*$~@4m:mmfﬁ’m%;@i%WﬁwLRN

AR BT #F, Ay G i A et TR FEFR 1€ SRR ehe f
o T BRI angs 8 8 I 4 4 £ 24K (brook trout) B g = 2 R
i g v - % g 8 (Nislow 2009) -

222 FRABPERR®TFF 0|

PRI Ok =3 A
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AR & 40T o

42221 FHPBERR&AF L FF X206

i X RER
Baille 2010 Connecting Animal/Vehicle Collisions to Highway Size, Speed Limits,
y Traffic Volumes, & Wildlife Corridors
Charry et al. 2009 Traffic volume as a primary road characteristic impacing wildlife: a tool for

land use and transportation planning.

Clevenger et al. {2003

Spatial patterns and factors influencing small vertebrate fauna road-kill
aggregations.

Clevenger et al. {2005

Performance indices to identify attributes of highway crossing structures
facilitating movement of large mammals.

Vokurkaetal. |2008 |Relating Vehicle-Wildlife Crashes to Road Reconstruction.

Wang et al.

Identifying High Risk Locations of Animal-Vehicle Collisions on

2010 Washington State Highways.

FTHRKR: A2 E 0K

(1)

(2)

FRRF R RIS L G

IR SRR VLB IP LG R ek
BRE AN BHRET ORI T AL T REER
i

(B

i%ﬁ%%?&&\ﬁigﬁ %4%#
T B TR FRESRELIRFHBS/D RRE S
FIEE G oadE et FFul ik r% ¥ %4 (Vokurka & Young
2008) - G EFEH VN BE SR DT IEEFLGF BTV B
R NER RRTR B VA KRS T ARGE R R R
RHFOPF V- BHGET IR R Y rREE
BB frds -2 fmi £ E 2 2 4 A F M 2 (Wang et al. 2010) -

FRR&BEAZFLT S SRR LRE ML

de £ T gk @ 5 (Bow River Valley, Alberta) » % & 4% i#|
A 1‘r+~§r1+§+ ”‘l?#&ﬁ%%iﬁ&ﬁiiﬁﬁﬂ%ﬁ“-ﬁt’
GRS %M%%%%w*%ﬁ%%¥_4’ﬁﬁaw
3 éﬁlﬁﬁémiz? AR AD TRMOFBEERFID LA T
i £ 4 B 2B LRIE R AT AL g '@%4%
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o~ e i o FL(Clevenger et al. 2003) o ¢t #b 5 3 BRI 7 4
LA EHERLT oA PN THELS T P RRERN
FHEANRTERRE Y GYPT U 2 @ ZhoH 0
ﬁ&ﬁ?‘%%ﬂ@~ﬁﬁ$§ﬁﬁmﬂ‘ﬁ%ﬂﬁﬁ$%w
M) BEERTEERRPBT G 4pH 'H_(Clevenger 2005) - #
FHALEIMMEEEEAT I ARGV ETL B e b 2
RRET AP PF R O REBNFF R BFRLFE A
B3¢ (F B mpFiE 500 /] pF)(Wang et al. 2010) -

(3) 2 B WBF IR hk b w A

Charry & Jones (2009)w g 7 iT# F7  if Be R 7> 0 4 # 4
%&méﬁ’ﬁm_mg#;%Fiﬁwﬂ’%§¥;®%@&

FRRREDEL LW TG o TP Y Y TR E R
e % 4 ¥ 40 5 B3R b 'R o3t (Traffic Volume Wildlife Tool) »
RIREH T - S BRFEREFER LRSI EFEIIULNER
WA AL AR R LRI D e B
8RR o BB RH o PRATACEZ 2E S S BRE

WARFERRAERBLE DTS o

Pi RLTAASE R AN EEERRS FIESR R E DS
%?ﬁ’%ﬁﬁﬁjﬁgﬁﬁ%%*ﬁéﬁv %Ewﬁ@#*ﬂ.‘uﬁ
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2231 gRRFEERLEEIFTREFEY g b
¥ PENEE
Ament et al. 2007 |Roadkill Observation Collection System (ROCS)
. Wildlife-Vehicle Collision and Crossing Mitigation Measures: a Toolbox for
Huijser et al. 2007

the Montana Department of Transportation

Kociolek etal. [2009 |Motorists as citizen scientists: the benefits of a wildlife reporting website.

Predictive models of herpetofauna road mortality hotspots in extensive road

Langen 2009 |networks: Three approaches and a general procedure for creating hotspot
models that are useful for environmental managers.
Road watch in the pass: Web-based citizen involvement in wildlife data
Lee et al. 2009 .
collection.
Rogers et al. 2009 |Wildlife tunnels unver a busy, suburban Boston roadway.
Seiler 2005 |Predicting locations of moose-vehicle collisions in Sweden.
Seiler et al. 2009 |Are non-wildlife passes effective passages for wildlife?
Shilling et al. 2010 |California Roadkill Observation System.
Smith 1999 Identification and prioritization of ecological interface zones on state

highways in Florida.

FH AR : A hER

N

231 FER&EHELE L HREH

(1) 4P BRadrs RBR TP v g TRt

()

W B adrs RER TP < (Informatlon Center for

the Environment ,ICE) #72& ¥ cde W ig B2 3R 5% P xb > 5 i B3R
FHMAIR Y R F L m’?\‘;% WE kAo H S AW E - B G
TR et B E- LA hrdFd  BFRR> e
o v PBFMe FHESEN P RDEFFEE I FREKE
ﬁﬁ’;‘g’j,}:{fdﬁ:‘ PR - A AT R m'ﬁ‘;n‘oufj B
Bal vt Bkt 0 PR R AR AR Roir F B E RS L eds b
b~ B TEF Y QU IR E N A AE R BN T
BR;PEER > BREFESK - ¥ ¢ Shilling et al.(2010)
VAR AT R R BRI B F FoRltedn g0 d ks
Brd waRnE A 4R YR - 0 & SR TR AR F

AN A B g IRiE ﬁisal # 3 #7(Western Transportation
Institute at Montana State University, WTI) ~ &% £ I W 2 18 i& @?J
73 % B ¢ (Virginia Transportation Research Council)£s & g #g !
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©)

(4)

FCfiE éi%J%KF” (Washington State Department of Transportation)
P &iTfH 7374 o B4 -2 §w42 F (animal-vehicle collision)
\ ;JL W B e[ 2 4 Bk 7 (proof-of-concept, POC» 5 % #F LA ¥ (714
B oenn Al) )k B i€ TR A B AR A 7 R o o iRt

9$ﬁ$€iiﬂ’%ﬂmMﬁiﬁfﬁz¢¢;W?$%H
XA EMA B 255(APP)E 1 & » 3% :Lﬁflgﬁx AFEFA
A2 pgirgipd e pypiener cardifhne i/
FH - T nRIRE G EREAE SRR H E iz s IR e
[@;’#,éz\(,‘j_%i—.‘,ﬂjzﬂgﬁ.,_ﬁfip@ g/;:e‘; Zﬂ,:»é.?‘;,é?ﬂ

TR o 2 2 R R R ERF K s (Roadkill
Observation Collection System, ROCS)#2 H i F 8 sicd8 » 2T & 4p
B crBE 4 2 B 7 3 (Ament et al. 2007) -

S+

*‘E%

E‘”““a*

ﬁ%%&?ﬁﬁ&ﬁ??%ﬁ»%%

% W@ $% < i kK (Western Transportation Institute) » 7 3 3% 3+
%iﬁ#? $%¢<ﬁ&*ﬁxwé %»%4%#%§
RyUPPM oY AR 2 AP EAETHRT e
BR&SFRE PPy & ERITL 5 TR EH o B
o BF A B b w AR e rb L 3E o A L F B AL B 220 4P B R 0T
o FEHHE A B P RRETIL P R T BB KT
%#ﬂ AR~ KT E & 9% 42 (Kociolek et al. 2009) -

MIgerh T 5% N R KRB A e T g g

-4 - I Sl ﬁ_,'%%g%ﬁviﬁﬂ TR U5 R 5 UK
BT AT o R BT R AT B (A £ & *r?ﬁ‘?*?
(Unlver5|ty of Calgary)"iqL gf NH )W B A AR L AH

3 B ERIER AR ER Rw R b TR e B
A8 L% (Rocky Mountains)vg i *5 — (Crowsnest Pass) 4 ik &

R LT AR AR A RBEAKINM o P Ak
$op 2004 15 0 2 F AZEI0 L 1%? % & % FF40005 11 b e
P v W RFOFT T REITA B R R

1)

a\
ghk
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R o R A EL B pGRENA B L2 e HEFH

RN TR E Tl SR I IR L VA = e S-SR
RSN RS SV S TR S
FEARR ~ 1L E A -*ﬂfﬂfrl‘ g L F 4 kel A S 5 (Lee
et al. 2009) -

232 FRRFFTPEAFE® ki

(1)

()

SARALE B R T A

Bl ES g gkd s Tk E 4 #374,500008 SRR R
B2 10~15 A B T AR RET & FiERF
ﬁ&ﬁ*;upﬁﬁpm””i" BEw JF A TR 3R
BB R 7B A TN A FRIEE N FERR Y
&%@ﬁﬂmﬁ@’{%%ﬁﬁﬁ§@ﬁiﬁ%i&%ﬁi$ﬂ
" G T RO T27% R EF R E I o A AR
R P TR RARRE WS M B EEY

w%é% L g FRANBAE f& RIS E R
E #&l\?ﬁd}‘iﬂmla FBRRAEGFRETFF AT REFFEAHBETR
BIORREFSNLR o F“&ﬁﬁ%ﬂ“ﬁﬁﬁﬁﬁ§&%@’
ZERAAME -7 2T g S KEER %, [F) & j\gécﬁxtyﬂ
LEgeH @;F&“z&%w’uz{%&}ﬁﬁﬁ jmerde F F, ¢k (Seiler 2005) -

i@@%ﬁgﬁﬂoizé’ %iniﬁgwmxgt\rrf%iﬁzg‘l_%

FRRRE P2 il iE ﬁﬂﬁﬂ % A ¢ (Transportation Research
Board of The National Academies) % & % i# 2§ & ¥ 7 3+ %
22k Nl F’bﬁlk’ﬂz“’ FEHRD(F-FFE S R EI238 ) E R

BE O FEARR R € R ILF M AR RS
iﬂ’v VEA T EERN R RN F RA PR AR
B A2 dntd o Bl B EVTERIP L TR
LA RRETA RS L X 2 Y &
P50 Tl ’Mmﬂﬁ #ﬂm'mﬁﬁ@&;’ LORTRA BRG] 2
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(3)

(4)

Z >4 B P i 2 & (Huijser et al. 2007) -

FRE RN 57 HE Q% 22T L SR TR
iiﬁﬁﬁ%’uﬂﬂ%aﬁﬁi S PR Y R DR AE o
N4 BT TS ¢ 5 ()R WA Y B B & Ak 2h(D)
C i P BAANERES(C)P A A F AER(d)F § i SRR
(drig @R en d BLn)(e) A F 7 Fv A A m(f) R g
POET RBQ)FPRE(EF KK EE G LT ”)(h)*" =
FT RO ALEFT ARG AR B DR B (os B R E L

R L e Eo Bl e A S ] EE)(J)%%L\ (R Ao
4 etk )8 L "’(k) 2 ww -

T

° 7
%ﬁﬁ&ﬁ\%riﬁ;?%ﬁ%ﬁ‘ﬁﬁﬁﬁlkﬁﬁﬁgﬁ
e b ST B (8 ‘@L L e

1% ftE 33 T’} 14 ?t]l ﬁ‘;} )(Smlth 1999)

B R AR BT R T A g PR Y AR A 47 2 SN IR T

#2009# % i ¥93F SJ;{ 5 #73F € ¢ > Langen (2009)4 47 &
RO R R A A L P AT 2 I R R TS
I EBAMEF NS 2 (AR L EHE %ﬁ%l&#ﬁ%@ﬁ&
o fgrRradHobO)fl* 740 42
(Point-transect surveys)fz 34 8 B A N 4 2 f i AR
B TR R B frﬁviwén%f’m (ﬁ' TERFTRDEER
RABFOREEF)C) - KHERR RS DG > K
ﬁﬁ%ﬂ@ﬂ~ﬁwﬁ¢—_Lu%ﬁﬂﬁ#ﬁ’fﬂ?%&@

EREE DEEE o P 2 AABEG AT A B T R IR
BOWEE a4 R E R R R EEDR R
A A KRT SeipenE gk o

2.4 FHRFCEH WG 0
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AR R F R E R B F A A o P R Y e
EAamEp ERd o0 AR IAFBLEAZIRETESE
ETE o FP o AFETHE e FRIUENTES RAERLR ST
R T A LR S S Al
Hix%d opace Wi [’%&rz\ 24-1%771 > T I & Aot o
% 24-1 BRI R K b
i Eo |k
Anderson 2005 |Highway crossing structures for metropolitan Portland's Wildlife.
Clevenger et al 2009 Handbook for Design and Evaluation of Wildlife Crossing Structures in
g ' North America.
Gunson et al 2009 Incorporating road-mortality hotspot modeling and connectivity analyses
' into road mitigation planning in Ontario, Canada.
Huiiser et al 2007 Wildlife-Vehicle Collision and Crossing Mitigation Measures: a Toolbox
) ' for the Montana Department of Transportation
Maanus 2006 Wildlife Roadkill Mitigation Information Kit: A Guide for Local
g Government and Land Managers.
Meese et al 2007 Wildlife Crossings Guidance Manual. California Department of
) Transportation.
van der Grift et al. 120090 Restoring eological networks across transport corridors in Bulgaria,
' 552-566.
AEF F 0T 2008 [ FFErdioEils (B)

FH kR AP R
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RN R SIS T N

e
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L Rt
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S A

¥ O2zafradH L %y R+

EAp M H g7 5 (B12.4-1) (A IREE F 797 2008) - 4p 3t £
ML R ARERRAFEFEAEET S A SR
BikEl e UE e FEE AR LA B AER A SRR
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BAZLHRHERZ BT FRPERF LT R E -
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TiEkEER | (REHRRA REE TiZ&0fH|
Aumr b EsesEs b -
L stmmesies > (SIEBEIBIS (SRR
st [ - SRS ABRESL
BESTI AL > BEEE TSNS
I > BHREE/PEK AN
WEHRER > TATIZNERS b > pAGRIE E e
| > IR SRR THEIRHE
T mTmEeg |- TAMUER
T REER - BRI
T L~ PANEEERREAGES
| = T > IRAI SRR
T mapemms L EEESUSREREE
HEBE N, cmmmee L > WABEIBRESSSEHE
W | > EAEBEENE
s > KSR
TR KR EHp (A IEE F 9 2008)

B 2.4-1 e

REPPERILR 2

2B R R

(2) T At g PR P A BRERL 2 BRAERITR KA
j.rti"\-:g‘\\]% /"’g/l )7%@#??}&—;,3%@ E’ é_g-’-ghri;ﬁs
A XPERRAR G P o Flpt o AT ,ﬁ:;ﬁ»ﬁ LAY Y- 4
Fo R F T E Wﬁﬁﬂﬂ&@%i#$£$ﬁi*
viif B2 fi @48 (Ontario Road Ecology Group > OREG).e % >

ix‘-\‘]'*v'vgj’ r(a.n ﬁﬁx 4 Eu Fﬁc%\mf’rfh

fﬁﬁiﬂ;* ¢ F,;k..ﬂ;i[fip

BEFA RO RIS DEL FA O F BT R R AR
35 1 (Habitat Suitability Index) % if & 3% 5 # 84 # 3¢ (Road

hotspot model) » & & 5 # fu £ & M« JFTe% Aoy fa e BIA &
f—r?ﬁ"uﬁr"'qﬂ;}ﬁ ﬁ%'&’t‘r}:ﬂ_/d—’/rﬁ Kﬁlgig"*’”ilgmlgﬁé
&k 4 2 B(Gunson et al. 2009) -
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(4)

()

LER AT BRPRBRE O F G R TR
ol SNEVE 35 - NN CR i Ewﬂp"m[ﬁ o G i
PRI E2 RREFEREIITFE AT AAD ARG gRR
FEA o AP NGERENE A FFEFE DR 2T REDR
BoME P afdidyit o AP FAERNNLA RSB Ak

Bel2fida iy 22 A e g R EdL 4 Ol ¥

#
by
=
B3
;
-
‘7+ z

IRIEATE L < N R VA %‘/F R OEEEEE - HWLPF AT LR
lfé’_é‘f‘]?ﬁb'ﬂ VARV /I@Ei%],i ﬁj‘&%ﬁ;ﬁj%i)x@“é » | .% g;g K’& ERVEC
TR TARFIE g AR JE AR ohds £ 3 i (van der Grift et
al. 2009b) -

R R s i B

MBI T (Q)E T RRFR LT L hy 4 #
7 AR i@m@*ﬂﬂaﬁwﬂw%%ﬁa ﬁﬁii%
B T AREE )~ F R AR A 2P ) B A
PERFT v FOT A FEIER D BFREALE 2 A
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Effectiveness of wildlife crossing structures and adapted culverts in a highway in
Mata et al. 2003 g P ghway

Northwest Spain

McDonald et al.

2004
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Monitoring wildlife overpass use by amphibians: Do artificially maintained humid
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Kernel Density Estimate
Summing of Normal Kernel Functions for 5 Points
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